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ADHERENCE OF SPUTTERED TITANIUM CARBIDES 

by William A. Brainard and Donald R. Wlieeler 

National Aoronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 

INTRODUCTION 

There is now a large amount o£ information in the literature on the sputter 
deposition of refractoxrj' compounds and particularly titanium carbide (TiC) onto 
steel. In all cases a substrate bias voltage has been required to reduce oxide 
impurities and Improve the compound stoichiometry in the film proper (refs, 1 and 
2). However, the resultant decrease in the concentration of oxides in the interface 
between substrate and coating has resulted in poor adhesion of the coating (I’ef. 2). 
Therefore, oxidation of the substrate (ref. 3) or of the interfacial region by re- 
active sputtering (refs. 3 and 4). have been used to enhance the adhesion of TiC and 
other refractory metal compounds to steel substrates. Further investigation (ref. 5) 
showed that oxidation of the Interface did not result in the best adliesion of TiC to 
steel. A mixed nitride Interface, formed by reactive sputtering in nitrogen, was 
much more effective. It could not be assumed, therefore, that oxidation would be 
the most effective interface treatment for alloys of metals other than iron. 

The objective of the present investigation was to search for interface treatments 
that would increase the adhesion of TiC to nickel and titanium based alloys. The 
alloysTi-6Al-4V (6 wt.% Al, ,4 wt% V, balance Ti) and Rene 41 (19 wt% Cr, 11 wt% 
Mo, 3 wt% Ti, balance Ni) were chosen as representatives of their types. Adhesion 
of the coatings was evaluated in pin-and-disk friction tests. The coatings and inter- 
face regions were examined with X-ray photoelectron spectroscopy (XPS). 




EXPERIMENTAL 


The alloys ware commercial materials of the nominal composition given above. 
They were cast In the form of disks 6.4 cm In diameter and 1. 3 cm thick. One flat 
face of the disks which was to be coated, was finished by grinding on SIC papers 
polished with diamond polish, and finished with 1 /xm AlgOg. The TIC sputtering tar- 
get was a commercial hot- pressed compact. A cast Tl metal target was also used. 
The coatings were applied In an rf- sputtering apparatus which has been des- 

n 

cribed before (ref. 2). Target power density was 1. 64 W/cm with deposition times 
from 5 to 40 minutes. The shorter times were used to make thin specimens for XPS 
analysis. The sputtering atmosphere could be controlled by admitting gas during 
sputtering through two leak valves. The sputtering pressure was kept at about 2.7 

9 

N/m (20 p). .The disk could be biased with" a dc voltage. .Before deposition, the 

targets were cleaned by rf- sputtering until there was little pressure rise due to out>- 
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gassing. The disk specimen was sputter etched, If desired, at -1200 V in 2.7 N/m 
of argon for 15 minutes. The system was then evacuated, tlie appropriate initial 
sputtering atmosphere established, and a bias voltage of -500 or -1000 V was applied 
to the disk. After intervals from a few seconds to 30 minutes, the bias voltage was 
set at “500 V, rf power was applied to the target, and the disk was moved under the 
target to begin deposition. Two minutes later the sputtering atmosphere was re- 
duced to pure argon and the deposition completed. 

The coated disks were tested in the friction apparatus which has been described 
in detail elsewhere (ref. 6). A 304-SS hemisphere (0, 95 cm diam) was loaded against 
the 'coated disk while it rotated, The sliding speed of the disk under the rider was 
25 cm/s. Tests were performed in a dry nitrogen atmosphere at room temperature 
and lasted 30 minutes. The load was varied from 0. 1 to 2.0 N. Failure of the 
coating by spalling caused a sudden Increase in the coefficient of friction and rapid 
wear of the 304-SS rider and of the underlying substrate. If the coating adhered, the 
friction was steady and low and no wear was detectable in profilometer traces of the 
wear tracks. 
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Tht coatings were analyzed with XPS as In earlier studies (refs. 2 and 7). 

Peaks In the XPS spectrum Identify the elements present and can Indicate their 
oxidation state. The size of the pealc is related to the amount of the element pre- 
sent in the analyzed volume, which extends to about 20 k below the surface. By 
repeatedly sputter etching tiie coating witli an ion-giui (5 keV argon ions) and 
analyzing with XPS, depth profiles of the films could be created. These showed 
the material composition as a function of depth below the surface. The rate of 
sputter etching measured on TIC samples of kno\vn thiclcness was about 5 k per 
minute. 

RESULTS AND DISCUSSION 
Rene 41 Substrate 

When heated in air at 550° C the surface of Rene 41 first forms a tliin Cr20g 
layer (after about 24 hr), then a layer of NIO forms over the GrgO.^ (after about 
120 hr) (ref. 8), TiC was rf sputter deposited onto disks with each of tliese oxide 
surfaces as well as onto a sputter etched disk. Another disk was coated using a 
partial pressure of acetylene (5xi0“ toi’r) during the first two minutes of deposi- 
tion. Figure 1 shows that all the coatings performed reasonably well at 0. 5 N load, 
but only the one reactively sputtered in acetylene did not fail at 1. 0 N. Profilometer 
traces confirmed that this coating showed no wear, while the others had spalled. 
Coatings prepared using a higher partial pressure of acetylene (ixiO”^ torr) 
peeled spontaneously and could not be tested. 

Samples of Rene 41 were then prepared by sputtering in two different partial 
pressures of acetylene at two different bias voltages but without depositing TiC. 
These samples were analyzed with XPS after sputter etchmg for 1 minute to remove 
surface contamination. Table I shows that the amount of carbon on the surface de- 
pends on both the partial pressure of acetylene and the bias voltage. 

The C(ls) peak was generally composed of two separate peaks one at 284. 5 eV 
binding energy which is associated with graphite carbon (ref. 9), and another at 
283. 2 eV which was due to a metal carbide (I’ef, l6). Depth profiles (fig. 2) of the 
-1000 V bias specimens prepared at 1X10 and S.'-.lO T showed that the surface 
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o£ the former was predominantly graphite while the latter was mainly carbide, A 
carbide interface seemed to produce good adhesion of TIC to Rene 4i while a 
graphite containing Interface caused extremely poor adhesion. 

Ti-6A1-4V Substrate 

Four different surface treatments for the titanium alloy substrate were ex- 
amined. Figure 3 shows that neither sputter etching, oxidizing in air, nor forming 
the Intei'face in a nitrogen containing sputtering atmosphere, produced coatings 
that adhered well at loads of 0. 1 N, Tlie profilometer traces show that hi^i sub- 
strate wear occurred because of spalling of die TiC coating. Figure 4(d) presents 
the result of a test on a coating formed by sputter depositing a layer of metallic Ti 
about 300 A thick onto a sputter etched Ti-6A1-4V substrate just before depositing 
the TiC coating. There is no wear and the friction is low. Such coatings were 
tested successfully at loads up to 1.0 N. 

The.Ti Interlayer was tried because it was suspected that the Ti-6Al-4V might 
have a passive AlgOg layer that inhibited adhesion. To investigate tliis possibility 
further, depth profiles of TIC on sputter etched Ti-6A1-4V were compared to depth 
profiles of TiC coatings with a Ti interlayer (fig. 4). Because the depth profiles 
are complex, the interpretation of figure 4 is difficult. We do observe, however, 
that aluminum oxide is predominant in the interface next to the coating when no Ti 
interlayer is used, while in the other case the aluminum metal occurs next to the 
coating along with excess Ti, as would be expected. It appears that tlie Ti metal 
is able to form an adherent film on the AlgOg passive layer and at the same time pro- 
vide a good substrate for the TiC coating. 

CONCLUSIONS 

When the results for the Rene 4i substrate are evaluated along with previous 
results for TiC on steel (refs. 4 and 5) and for several molybdenum compounds on 
steel (ref. 3), one is led to think that sputtered refractory compound coatings ad- 
here best when a mixed compound of coating and substrate metals is formed in the 


Interfacial region. This is consistent with observations that spinel formation en- 
hances the adhesion of metal films to oxides (refs. 11 to 15). The most effective 
type of refractory compound interface appears to depend on both substrate and 
coating material. Furthermore, the results on Rene 41 Illustrate tlie sensitivity 
of the Interface to process parameters. 

The Ti interlayer on TI-GAI-4V is effective in an entirely different way than 
the mixed compound layers in the other oases. This suggests that a combination 
of the two mechanisms, metallic interlayer deposition and mixed compound inter- 
face formation may be more effective for some substrate coating combinations 
tlian either alone. 
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TABLE I, " C(ls) XPS PEAIt HEIGHTS 
(ARB, UNITS) AFTER 1 min 
SPUTTER ETCH 


Bias 

Partial pressure of acetylene, 

voltage 

torr 


-4 
1X10 ^ 

SXIO”^ 

-500 

2250 

600 

-1000 

4600 

1170 



I 0.5 ne^vton LOAD 
l.O nevvton LOAD 
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